(19) 




Europaisches Patentamt 
European Patent Office . 
Office europeen des brevets 





(12) 



(43) Date of publication: 

08.05.1 996 Bulletin 1 996/1 9 

(21) Application number: 95307889.6 

(22) Date of filing: 06.11.1995 



(n) EP 0 711 029 A2 

EUROPEAN PATENT APPLICATION 

(51) mtci.6: H02N 1/00, H01H 59/00 



(84) Designated Contracting States: 


(72) Inventor: Yagi, Takayuk!, c/0 Canon K.K. 


DE FR GB 


Ohta-ku, Tokyo (JP) 


(30) Priority: 07.11.1994 JP 272109/94 


(74) Representative: 




Beresford, Keith Denis Lewis et al 


(71) Applicant: CANON KABUSHIKI KAISHA 


BERESFORD & Co. 


Tokyo (JP) 


2-5 Warwick Court 




High Holborn 




London WC1R5DJ(GB) 



(54) Microstructure and method of forming the same 



(57) There is provided a microstructure comprising 
a substrate 10, support members 1 3, 1 3', a lever 12 and 
an electrode 17 formed on the lever is characterized in 
that said support members support said substrate and 
said beam and/or the electrode section with a void in- 



terposed therebetween and an electrode is formed on 
the lower surface of said beam. There are also provided 
a method of forming such a microstructure and an elec- 
trostatic actuator having a beam that is displaced by ap- 
plying a voltage to the electrodes of the actuator 



FIG. 3 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a microstructure to be pre- 
pared by means of micromechanical technologies and 
it also relates to a method of forming a microstrucuture 
by using a sacrificial layer 

Related Background Art 

In recent years, studies have been made to produce 
minute machines comprising small one or more than 
one mechanisms by means of micromechanical tech- 
nologies. In particular, such a microstructure realized by 
applying technologies developed for forming semicon- 
ductor integrated circuits (semiconductor photolithogra- 
phy process) can be used to produce a number of 
minute mechanical components on a common substrate 
on a highly reproducible basis. Thus, minute compo- 
nents can be prepared for minute machines at reduced 
cost and such minute components provide an enhanced 
responsiveness if compared with conventional mechan- 
ical structures. 

Three typical methods are popularly known for 
manufacturing a microstructure on a substrate. Firstly, 
there is a method for producing a microstructure such 
as a wobble micromotor of polysilicon film (M. Mehre- 
gany et aL, "Operation of microfabricated harmonic and 
ordinary side-drive motors". Proceedings IEEE Micro 
Electro Mechanical Systems Workshop, 1990, pp. 1-8) 
or a linear microactuator (P. Cheung et aL, "Modeling 
and position-detection of a polysilicon linear microactu- 
ator", Micromechanical Sensors, Actuators and Sys- 
tems ASME 1991, DS C-Vol. 32, pp. 269-278), with 
which a sacrificial layer of silicon dioxide film and a thin 
silicon film of polysilicon, SOI (Si on Insulator) or SIMOX 
(Separation by ion implantation of oxygen) (B. Diem et 
al., "SOI (SIMOX) as a Substrate for Surface Microma- 
chining of Single Crystalline Silicon and Actuators", The 
7th International Conference on Solid-State Sensors 
and Actuators, transducers '93, June 7-10, 1993, pp. 
233-236) formed to produce a microstructure are pat- 
terned to show a desired profile and subsequently the 
silicon dioxide film is used as a sacrificial layer and re- 
moved with an aqueous solution of fluorine. 

However, since this method involves the use of an 
aqueous solution of fluorine in order to etch out the sil- 
icon dioxide, a material that resists corrosion by fluoric 
acid has to be selected for the microstructure and hence 
such corrosive substances as aluminum cannot be used 
for the electrodes of the microstructure. Additionally the 
polysilicon of the microstructure has to be controlled for 
its membrane stress in order to prevent it from warping. 
If an SOI substrate is used, the silicon dioxide support- 
ing the microstructure can be etched back to conse- 



quently reduce the microstructure to show a beam- 
shaped profile and make it difficult to electrically connect 
the substrate and the structure when the silicon dioxide 
lying under the bulk Si thin film is removed. 
5 Secondly, there is a known a method of forming a 
spatial light modulator comprising a micromirror of an 
aluminum (Al) thin film (L J. Hornbeck, Japanese Patent 
Application Laid-Open No. 2-881 2) by applying photore- 
sist onto a substrate to form a sacrificial layer, forming 
io thereon an Al thin film, patterning the Al film to a desired 
profile and thereafter removing the photoresist by dry 
etching using oxygen plasma to produce a microstruc- 
ture comprising an Al thin film. 

With this technique, it is possible to form a micro- 
*5 structure on a substrate selected from a variety of can- 
didates because the sacrificial layer is made of photore- 
sist, the use of which is not restricted by the surface 
coarseness of the substrate. Thus, the sacrificial layer 
can be removed by drying etching using the technology 
20 of reactive ion etching (RIE) and any possible sticking 
phenomenon that may appear between the microstruc- 
ture and the substrate if a wet etching technique is used 
to remove the sacrificial layer can be successfully avoid- 
ed. However, the process of forming the aluminum thin 
2S fj|m for the structure has to be conducted at temperature 
that is low enough to prevent photoresist from being 
damaged by heat to impose rather rigorous restrictions 
on the selection of material for the microstructure. Ad- 
ditionally, since the microstructure is produced by 
30 means of a thin film forming technique such as vacuum 
deposition or sputtering, the membrane stress of the thin 
film has to be so controlled as to prevent the microstruc- 
ture from being warped by the membrane stress. 

Last but not least, there is known a method of form- 
es ing the pattern of a microstructure on abuik Si substrate, 
coupling part of the pattern to the glass substrate by an- 
ode coupling and etching the coupled Si substrate from 
the rear surface in such a way that only the microstruc- 
ture is left on the glass substrate. A linear actuator made 
40 of bulk Si thin film formed from an Si substrate (Y. Gian- 
chandani et al., "Micro-Size High Aspect Ratio Bulk Sil- 
icon Micromechanical Devices", Proceedings IEEE Mi- 
cro Electro Mechanical Systems Workshop, 1992, pp. 
208-21 3) and a cantilever for an AFM (Atomic Force Mi- 
45 croscope) made of silicon nitride film (T A. Albrecht et 
al., United States Patent No. 5,221,415) can be pre- 
pared with this technique. 

Since this method does not involve the use-of a sac- 
rificial layer, a microstructure can be made of a material 
so that may be corroded by fluoric acid. However, since it 
has to be coupled with glass by anode coupling, candi- 
date materials are limited to electroconductive silicon 
that can be easily oxidized, metals such as Si, Al, Ti and 
Ni and silicon nitride or oxide that can be anode-coupled 
55 only in the form of a thin film formed on a Si substrate. 
Additionally, since the process of anode coupling has to 
be conducted at temperature higher than 300°C, the 
glass to be coupled with a microstructure is required to 
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show a thermal expansion coefficient substantially 
equal to that of the Si substrate. Thus, glass that can be 
used with this method is limited to Pyrex glass (e.g., 
#7740 Coming: tradename). Additionally, since a void 
has to be formed in advance on the coupling surface, 
electrodes cannot be arranged on the microstructure al- 
ter the coupling operation. Moreover, since the sub- 
strate has to be made of glass containing mobile ions, 
circuits cannot be formed on the substrate to a high de- 
gree of integration. Finally, since the surface coarse- 
ness of the glass and the electroconductive material has 
? to be held to less than 500 angstroms for coupling the 
glass and the electroconductive material by anode cou- 
pling, they cannot be coupled on stepped wires. 

^SUMMARY OF THE INVENTION 

In view of the above identified problems, it is there- 
fore an object of the present invention to provide a 
microstructure: 

(1) that is free from restrictions on the material of 
the microstructure and that of its substrate; and 

(2) allows electric connection between the micro- 
structure having an electrode pattern and its sub- 
strate as well as a method for forming such a micro- 
structure. 

According to the invention, the above object is 
achieved by providing a method of forming a microstruc- 
ture characterized in that it comprises steps of forming 
a structure layer on a second substrate, forming an elec- 
trode section of a conductive material on the structure 
layer, forming an adhesive layer of resin film on first 
and/or second substrates, joining the first substrate and 
a set of the structure layer and electrode section with 
the adhesive layer, removing the second substrate, 
forming a support layer for connecting the structure lay- 
er and electrode section and the first substrate and re- 
amoving the adhesive layer. 

< A microstructure formed by the above method com- 
prises a substrate, a support section and a beam having 
&at least one electrode characterized in that the support 
.section suspends the beam separated from the sub- 
strate by avoid, i.e. an air space and is attached to the 
upper surface of the beanrv and at least one of the elec- 
trodes is a movable electrode formed on the lower sur- 
face of the beam. 

According to the present invention , there is also pro- 
vided an electrostatic actuator comprising a substrate, 
'-fixed and drive electrodes formed on the substrate and 
a beam having a movable electrode which beam is sup- 
ported above the drive electrode by a support section of 
metal thin film through a void interposed between the 
drive electrode and the beam, characterized in that the 
movable electrode is formed on the lower surface of the 
beam and the support section electrically connects the 
movable electrode with the fixed electrode and mechan- 



ically holds the beam at the upper surface of the beam 
such that the beam can be displaced by applying a volt- 
age between the drive electrode and the movable elec- 
trode. 

5 With the method of forming a microstructure ac- 
cording to the present invention, the microstructure is 
formed by joining the first substrate and the structure 
layer formed on the second substrate and electrode sec- 
tion formed on the structure layer with the adhesive layer 

10 of resin film formed on either the first substrate or the 
second substrate, removing the second substrate, con- 
necting mechanically a set of the structure layer and 
electrode section to the first substrate by means of the 
support layer, and removing the adhesive layer so that 

is the microstructure may be made of a material selected 
from various substances such as insulators, metals and 
semiconductors. Thus, electrode patterns may be 
formed on the upper and/or lower surfaces of the micro- 
structure to make it electrically connectable with the 

20 substrate. 

Since the structure layer is formed in a step different 
from that of forming the first substrate, they are not lim- 
ited in terms of materials for forming them. 

Additionally, since a bulk (crystalline) material can 

2S be used for the beam, the beam is made free from warp- 
ing. 

Still additionally, since the resin film is an adhesive 
layer for joining the first substrate and the second sub- 
strate and, at the same time, plays the role of a sacrificial 
30 layer for forming the microstructure, the resin film can 
be removed by dry etching using oxygen gas so that the 
problem of sticking that accompanies the known tech- 
niques of removing a sacrificial layer can be effectively 
avoided. 

35 The resin film can be made to show a planar surface 
regardless of unevenness that may be produced by the 
electrode patterns on the substrate so that the substrate 
can be joined well without depending on the roughness 
of the surfaces of the substrates. 
40 With the method of the present invention, a micro- 
structure can be formed by a process to be conducted 
at relatively low temperature so that a substrate having 
a thermal expansion coefficient largely differing from 
that of the material of the microstructure may be used. 
45 The movable electrode formed on the beam of an 
electrostatic actuator prepared by the method of the 
present invention can be arranged on the lower surface 
of the beam so that the distance between the-movable 
electrode and the drive electrode formed on the sub- 
so strate can be minimized to consequently reduce the 
drive voltage. 

With the method of forming a microstructure ac- 
cording to the invention, the pattern of the drive elec- 
trode and that of the structure may be formed, disregard- 
's jng each other. 

Further, since the movable electrode which is finally 
placed opposite to the first substrate after the formation 
of the structure layer, it is possible to form a beam of a 
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flat structure layer regardless of steps that may be found 
on the pattern of the movable electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A to TF are schematic illustrations showing 
steps of forming a microstructure in a mode of carrying 
out the method according to the invention. 

Figs. 2G to 2K are schematic illustrations showing 
steps to be followed after those of Figs. 1 A to 1 F. 

Fig. 3 is a schematic perspective view of an elec- 
trostatic actuator prepared by the method of forming a 
microstructure according to the invention. 

Figs. 4A to 4G are schematic illustrations showing 
steps of forming a microstructure in another mode of 
carrying out the method according to the invention. 

Figs. 5H to 5L are schematic illustrations showing 
steps to be followed after those of Figs. 4A to 4G. 

Figs. 6M to 6P are schematic illustrations showing 
steps to be followed after those of Figs. 5H to 5L 

Fig. 7 is a schematic perspective view of an elec- 
trostatic actuator prepared by the method of forming a 
microstructure according to the invention. 

Fig. 8 is an exploded schematic view of the beam 
section of an electrostatic actuator prepared by the 
method of forming a microstructure according to the in- 
vention, illustrating the multilayer structure of the beam. 

Fig. 9 is a schematic sectional view of an electro- 
static actuator prepared by the method of forming a 
microstructure according to the invention, illustrating the 
step of forming a silicon dioxide film for a structure layer 
on the second substrate with a sacrificial layer for pat- 
tern transfer interposed therebetween. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Now, the present invention will be described by re- 
ferring to the accompanying drawings that illustrate pre- 
ferred embodiments of the invention. 

A known appropriate method can be used for form- 
ing an adhesive layer. For instance, a resin material may 
be diluted in an organic solvent and applied onto a sub- 
strate by means of a spinner, dipping or spraying tech- 
nique to produce a resin film. With such an application 
technique, a flat resin film having a planar surface can 
be formed on the substrate, if it has a rough surface at 
the beginning, by which it is possible to join the surface 
and that of the other substrate without depending on the 
roghness of the surface. When a resin film is formed on 
an Si substrate carrying thereon integrated circuits, pho- 
toresist containing little impurities such as sodium ions 
may preferably be used for the resin film. Another ma- 
terial that may preferably used for the resin film is rubber 
type photoresist containing rubber that is highly adhe- 
sive and mechanically strong. 

For the purpose of the present invention, rubber as 
described in "Micromachining and Resist" (Saburo No- 



nogaki, ed. Japan Polymer Society, Kyoritu Publishing 
Co., Ltd., 1990, 1 . 3, p. 11) may preferably used for rub- 
ber type resist. High resolution negative type photoresist 
available from Tokyo Ohka Kogyo Co. t Ltd and contain- 
s ing rubber such as OMR-83 may also preferably be used 
for the purpose of the invention. 

A substrate carrying thereon the pattern of a struc- 
ture formed by a combination of a semiconductor pho- 
tolithography process and an etching process, a sub- 

10 strate carrying thereon a structure layer of thin film 
formed on a second substrate or a second substrate car- 
rying thereon a structure layer with a sacrificial layer for 
pattern transfer interposed therebetween may suitably 
be used for the second substrate with a structure layer 

15 formed thereon. 

If a substrate carrying thereon the pattern of a struc- 
ture formed by a combination of a semiconductor pho- 
tolithography process and an etching process or a sub- 
strate carrying thereon a structure layer of thin film 

20 formed on a second substrate is selected, the substrate 
is scraped from the rear side until the structure layer is 
left there in the step of removing the second substrate 
by means of wet etching using an etching solution suit- 
ably selected for the substrate, dry etching using reac- 
ts tive gas or a technique of lapping the substrate with pol- 
ishing granules. For instance, if the second substrate is 
made of Si, an alkaline aqueous solution such as a po- 
tassium hydroxide solution (KOH) or a tetramethyl am- 
monium hydroxide solution or an aqueous solution of a 

30 mixture of fluoric acid and nitric acid may preferably be 
used for the etching solution and a plasma gas contain- 
ing CF 4 , SF 6 or NF 3 may preferably be used for the re- 
active gas. If an Si wafer having a pn junction is used 
for the structure, which is of the n-type, and the second 

3$ substrate, which is of the p-type, only the structure of 
the n-type can be left unaffected by applying a voltage 
to the structure layer in an etching operation using an 
alkaline aqueous solution (B. Kloeck, et al., "Study of 
Electrochemical Etch-Stop for High-Precision Thick- 

40 ness Control of Silicon Membranes" IEEE TRANSAC- 
TIONS ON ELECTRON DEVICES, VOL. 36, NO; 4, pp. 
663-669, 1989). If an Si bulk on which the patter of a 
structure is formed by etching is used for the second 
substrate, the produced microstructure will be free from 

45 warping so that the problem of warping given rise to by 
the membrane stress in the process ol forming a micro- 
structure by forming a thin film on a sacrificial layer can 
be effectively eliminated. 

For a second substrate carrying thereon a structure 

so layer with a sacrificial layer for pattern transfer inter- 
posed therebetween, a substrate prepared by using a 
glass substrate for the second substrate, forming a met- 
al thin film as a sacrificial layer for pattern transfer and 
thereafter applying a voltage to the metal thin film and 

55 the glass substrate to produce a junctioned body cou- 
pled by anode coupling, a substrate having a sacrificial 
layer for pattern transfer of silicon dioxide and an inter- 
mediary layer of an SOI of SIMOX substrate carrying 
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thereon a structure layer of silicon film or a junctioned 
body realized by forming a sacrificial layer lor pattern 
transfer and a structure layer of thin film on the second 
substrate may appropriately be used. For the sacrificial 
layer for pattern transfer, a material that can be removed 
by an etchant that, however, does not corrode at least 
the adhesive layer and the structure layer may suitably 
be selected. A thin film deposition technique such as va- 
por deposition or C VD (chemical vapor deposition) may 
suitably be used for forming a thin film. If the technique 
of anode coupling is used, the second substrate may be 
a glass substrate containing mobile ion of an alkali metal 
(e.g. sodium) whereas the metal film may be made of a 
metal good for anode coupling such as Si, Al, Ti or Ni or 
an alloy containing any of such metals. If such a metal 
film is to be formed on the structure layer, a material 
selected from various different substances including in- 
sulators, semiconductors and metals may be bonded 
opto a glass substrate by anode coupling. 
. - , If the microstructure has a thickness less than tens 
of several micrometers, it provides a handling problem 
when junctioning the microstructure onto the second 
substrate. If such is the case, the structure layer has to 
be scraped to reduce its thickness after junctioning it to 
the second substrate. Alternatively, a substrate on 
which a structure layer is formed in advance may be 
used so that the structure layer may be left when the 
substrate is removed by some means. For reducing the 
thickness of or totally removing the substrate, a tech- 
nique is selected from wet etching using an etching so- 
lution suited for the substrate, dry etching using reactive 
gas, lapping using grinding granules and polishing and 
the substrate is scraped from the rear side so that the 
structure layer having a desired thickness may be junc- 
tioned onto the substrate. If a bulk substrate of Si or 
GaAs is used, a microstructure produced as a final prod- 
uct of the thinned bulk is free from warping so that the 
problem of warping given rise to by the membrane 
stress in the process of forming a microstructure by 
f orming a thin film on a sacrificial layer can be effectively 
eliminated. Additionally, the thickness of the junctioned 
layers can be appropriately regulated as they are made 
very thin. 

In the step of forming an electrode section on the 
microstructure, it is produced either by forming a thin 
film of electroconductive body by vacuum deposition on 
t]je structure layer that has been formed on the second 
substrate and subsequently forming its pattern on the 
thin film of electroconductive body by semiconductor 
photolithography or by arranging a structure layer that 
carries thereon an electroconductive layer on the sec- 
ond substrate and subsequently forming its pattern on 
the electroconductive layer. The electroconductive layer 
may be a p + layer formed on an Si substrate. 

In the step of joining the first substrate and the struc- 
ture layer and electrode section, the first substrate is 
pressed against the second substrate from the rear side 
and then the organic solvent contained in the resin film 



of the adhesive layer is made to evaporate by heating 
the layer until the resin is heat set and consequently the 
force binding the substrates is increased. If the first and 
second substrates are electroconductive, they may be 

5 joined together by applying a voltage to each of them to 
generate electrostatic force there, which force is then 
utilized to press them against each other. When this join- 
ing step is over, the electrode section is located between 
the adhesive layer and structure layer. 

io The vapor of the organic solvent generated during 
the heat treatment of the adhesive layer can be made 
to escape to the ambient air by forming a groove on the 
first substrate and/or the structure layer. Any stepped 
portions of the pattern of the structure layer formed by 

is semiconductor photolithography may be utilized for 
such grooves. 

The operation of heat setting the resin film of the 
adhesive layer may be conducted at relatively tow tem- 
perature to avoid damaging the first and second sub- 

20 strate because of the difference of their thermal expan- 
sion coefficients so that the first substrate may be se- 
lected appropriately without considering the difference. 

In the step of removing the second substrate, the 
second substrate and the structure layer are separated 

25 from each other without separating the adhesive layer 
on the first substrate and the structure layer if the second 
substrate carries thereon a sacrificial layer for pattern 
transfer and the latter is removed. In other words, the 
structure on the second substrate is transferred onto the 

30 adhesive layer of the first substrate as a result of this 
step. 

The support layer is designed to mechanically con- 
nect the first substrate and the structure layer and/or 
electrode section and suspend the transferred structure 
35 layer and/or electrode section from above as it is formed 
before removing the adhesive layer. If a metal thin film 
(e.g., aluminum) is used for the support layer, the struc- 
ture layer and/pr electrode section and the first substrate 
will also be connected electrically. 

In the step of removing the adhesive layer of resin 
film, it is eliminated by wet etching, with which the resin 
film is dipped into a solution that dissolves the film, or 
by drying etching, with which the layer is ashed by oxy- 
gen plasma. Dry etching is advantageous in that it can 
45 avoid the problem of sticking that arises when the sac- 
rificial layer is removed by wet etching. 

A microstructure produced through the above steps 
comprises a first substrate, a support section jgx a sup- 
port layer and a beam comprising a structure layer and 
50 an electrode, of which the beam is supported by the sup- 
port section from the upper surface of the beam through 
a void between the beam and the substrate, the elec- 
trode being disposed on the tower surface of the beam. 
Then, a fixed electrode and a drive electrode are ar- 
55 ranged on the first substrate and the structure layer is 
processed by patterning to produce a cantilever type or 
torsion beam type beam so that the electrode on the 
beam may become movable. With such an arrange- 
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ment, the movable electrodeandthe fixed electrode are 
electrically connected by the support section and, at the 
same time, the beam and the drive electrode are me- 
chanically supported by it from the upper surface of the 
beam to produce an electrostatic actuator where the po- $ 
sition of the beam can be changed by applying a drive 
voltage to the drive electrode and the movable elec- 
trode. A microstructures manufactured by the method 
of the present invention may be an electrostatic actua- 
tor, a cantilever to be used for a microscope system such 10 
as an AFM or an STM (scanning tunneling microscope) 
for a detecting tunneling current, van der Waals force, 
magnetic force, electrostatic force or the like or a wiring 
system having an air bridge structure. In the case of an 
electrostatic actuator having the above described con- 
figuration, since a movable electrode is arranged on the 
lower surface of the beam, the distance separating the 
movable electrode and the drive electrode is reduced 
by the thickness of the beam if compared with a movable 
electrode arranged on the upper surface of the beam 
and, therefore, a relatively low drive voltage may be 
used to displace the beam. If the beam is made as thin 
as the electrode, the risk of warping of the beam that 
may appear due to the internal stress can be eliminated 
by arranging another electrode on the surface to pro- 25 
duce a symmetrical structure. 

Accordingto the method of forming a mic restructure 
according to the invention and having the above de- 
scribed configuration, the structure layer formed on the 
second substrate and electrode section formed on the 30 
structure layer and the first substrate are joined together 
with the adhesive layer of resin film formed on both or 
either of the first and second substrates and, thereafter, 
the second substrate is removed. Then, the first sub- 
strate are mechanically connect the structure layer and 35 
electrode section by the support layer, followed by re- 
moving the adhesive layer. The use of resin film for the 
adhesive layer allows the materials of the first substrate, 
the second substrate and the structure layer formed on 
the second substrate to be selected from a wide range *o 
of candidates and also an electrode to be formed on the 
structure layer before removing the resin film. Addition- 
ally, the adhesive layer can be removed by means of a 
solvent, ashing or heating if it is made of resin film so 
that the electrode section does not need to be subjected «s 
to an etching operation. Finally, the problem of sticking 
that arises when the sacrificial layer is removed by wet 
etching can be effectively avoided by dry etching the ad- 
hesive layer of resin film. 

The movable electrode is arranged on the lower so 
surface of the beam of an electrostatic actuator pre- 
pared by the method of the present invention to reduce 
the distance separating the drive electrode on the sub- 
strate and the movable electrode and hence the drive 
voltage required to operate the actuator. 55 



[Examples] 

Now, the method of forming a microstructure ac- 
cording to the invention and a microstructure prepared 
by such a method will be described by way of examples, 
referring to Figs. 1A through 9 ol the accompanying 
drawings. 

Example 1 

Figs. 1 A to 2K illustrate different steps of forming a 
microstructure in a mode of carrying out the method ac- 
cording to the invention and Fig. 3 is a schematic per- 
spective view of a microstructure prepared by the meth- 
od. As seen from Fig. 3, a microstructure according to 
the invention comprises a first substrate 10 which is a 
glass substrate, a drive electrode 15 and a fixed elec- 
trode 16 of thin film formed on the glass substrate 10, a 
movable electrode 17 of a p + Si layer provided with a 
torsion bar 11 and held on the upper surface of the tor- 
sion bar 1 1 by a pair of support members 1 3, 1 3' with a 
void interposed between itself and the substrate and a 
lever 12 of a patterned Si structure layer arranged on 
the movable electrode 17. The movable electrode and 
the lever constitute a beam 1 . The support members 1 3, 
13' are made of an electroconductive material such as 
aluminum to electrically connect the movable electrode 
17 and the fixed electrode 16. The illustrated microstruc- 
ture is an electrostatic actuator having a beam that can 
be displaced by applying a voltage to the drive electrode 
15 and the fixed electrode 16, which is electrically con- 
nected to the movable electrode 1 7 formed on the lower 
surface of the beam. With such an arrangement, the 
movable electrode 17 is suspended by the support 
members 13, 13' from the upper surface of the torsion 
bar 11 with a void interposed between the electrode and 
the glass substrate, the support members 13, 13' me- 
chanically and electrically connecting the beam and the 
glass substrate to and fixed electrode 16 by means of 
an air bridge structure. The torsion bar 11 is twisted to 
rotate and displace the lever toward the substrate as a 
voltage is applied to the drive electrode 1 5 and the mov- 
able electrode 1 7. Since the lever has a thickness great- 
er than that of the torsion bar, it is not bent if a voltage 
is applied to the electrodes. 

Since the movable electrode of the beam of the 
electrostatic actuator having the above described con- 
figuration is disposed on the lower surface of-4he lever, 
the distance separating the movable electrode and the 
drive electrode is reduced by the thickness of the lever 
if compared with the case where th e movable electrode 
is arranged on the upper surface of the beam and hence 
a relatively low drive voltage may be used to display the 
beam. 

In this example, a microstructure having a configu- 
ration as shown in Fig. 3 was formed through the steps 
of Figs. 1 A to 2K, illustrating the microstructure in cross 
section in different manufacturing steps. A p-type Si 
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substrate 22 carrying thereon an n-type diffusion layer 
(80 Q cm, thickness: 3 jim) for a structure layer 23 was 
used for the second substrate and boron ions were in- 
jected into the diffusion layer to form a p + layer 24 (1 20 
a/square, thickness: 0 5*im) (Fig. 1 A). Photoresist was 
applied to the substrate and subjected to a patterning 
operation using a photolithography process, where the 
applied photoresist was exposed to light and photo- 
chemically developed. Then, the p + layer 24 was etched 
by using the mask of the photoresist pattern and CF 4 
gas in a reactive ion etching (RIE) process to produce 
armovable electrode 17. Subsequently, the photoresist 
was stripped off in a resist stripping solution to produce 
a second substrate carrying thereon a movable elec- 
trode (Fig. 1B). In other words, the movable electrode 
was part of a structure layer 
v A glass substrate 10 (#7059 Coming: tradename) 
carrying thereon a drive electrode 15 and a fixed elec- 
trode 16 was used for the first substrate. The glass sub- 
strate 10 has a thermal expansion coefficient greater 
than that of Si by about 1.4 times. More specifically, a 
Gr film and an Au film were successively formed on the 
glass substrate 10 by electron beam vapor deposition 
to thicknesses of 5nm and 200nm respectively and a 
photoresist layer was subjected to a patterning opera- 
tion in a photolithography process. The obtained mask 
of photoresist was used to produce the drive electrode 
1 5 and the fixed electrode 1 6 having profiles conforming 
tothe pattern of photoresist as shown in Fig. 3by etching 
that used an Au etchant consisting of an aqueous solu- 
tion of iodine and potassium iodide and a Cr etchant 
consisting of an aqueous solution of cerium ammonium 
nitrate and perchloric acid. Subsequently, a solution pre- 
pared by dissolving methyl polymethacrylate (PMMA) 
into methyl ethyl ketone (MEK) was applied to the glass 
substrate 10 with a spinner and preliminarily heated at 
50°C for ten minutes to produce an adhesive layer 26 
made of PMMA and having a thickness of 2.5 ^tm (Fig. 
1C). Care should be needed to accurately control the 
amount of the solvent in the solution dissolving the resin 
to be applied because bubbles of vapor of the solvent 
might be trapped between the adhesive layer and the 
structure layer on the second substrate during the heat- 
ing process. The preliminary heating operation was con- 
ducted at temperature sufficiently low to prevent the ad- 
hesive from being heat set, paying attention to eliminate 
-j&ny bubbles of the evaporated solvent remaining on the 
interface by accurately controlling the solvent contained 
in the resin film. When PMMA was used, the generation 
of bubbles could be completely suppressed by prelimi- 
narily heating the adhesive at 50°C for 10 minutes. 

Then, the second substrate as shown in Fig. 1 B and 
the first substrate carrying thereon an adhesive layer 26 
as shown in Fig. 1 C were pressed again each other from 
the rear sides, While the movable electrode 1 7 was bur- 
ied in the adhesive layer 26 in this example, it may be 
kept unburied by controlling the pressure applied to the 
substrate when they are bonded together After bonding 



the first substrate and the structure layer on the second 
substrate together with the adhesive layer disposed 
therebetween, the adhesive layer was heat set at 
150°C. 

5 Subsequently, the bonded substrates of Fig. 1D 
was subjected to electrolytic etching at 80° C in a 30wt% 
KOH solution by applying a positive voltage of 3V to the 
diffusion layer relative tothe natural electrode potential 
to remove the p-type Si substrate of the second sub- 

10 strate (Fig. 1 E). Note that the structure layer 23 of an n- 
type diffusion layer was not etched by the electrolytic 
etching. Thereafter, a pattern was formed on the struc- 
ture layer 24 in a photolithography process, where pho- 
toresist was applied to the structure layer 24, exposed 
to light and photochemically developed for the pattern 
(Fig. 1 F) and then the structure layer 23 was subjected 
to reactive ion etching (RIE), using the mask of photore- 
sist 101 and CF 4 gas to produce a lever pattern 25 of 
the n-type Si diffusion layer Then, the photoresist pat- 

20 tern 101 was removed and, simultaneously the adhe- 
sive layer was etched to the pattern of the lever and the 
torsion bar by oxygen gas (Fig. 2G). 

Thereafter, an Al film 27 was formed on the lever 
and the movable electrode to a thickness of 1 \im for the 

25 support members by means of sputtering, a type of vac- 
uum deposition, using an Al target (Fig. 2H). Then, pho- 
toresist 102 was applied on the Al film, exposed to light 
and photochemically developed (Fig. 21) and the Al film 
27 was subjected to a patterning operation, using an Al 

30 etchant consisting of phosphoric acid, nitric acid and 
acetic acid to produce the pattern of the support member 
1 3* on the torsion bar 1 1 (Fig. 2J). Finally, the photoresist 
102 and the PMMA of the resin film under the movable 
electrode were etched out to produce a void 29 by oxy- 

35 gen plasma. Thus, an electrostatic actuator having a 
profile as shown in Fig. 3 was produced, the electrostatic 
actuator having a torsion bar type beam of bulk (crys- 
talline) Si provided with a void 29 and supported by the 
Al film as shown in Fig. 2K. The electrodes of the elec- 

40 trostatic actuator were not etched out by oxygen plasma 
and the problem of sticking that may arise when the sac- 
rificial layer is removed by wet etching was successfully 
avoided. 

With the method of the present invention, since a 
45 microstructure comprising a movable electrode and a 
lever was formed from a bulk (crystalline) Si substrate, 
a torsion bar type beam that was free from internal 
stress and hence warping was successfully prepared. 
The free end of the beam was displaced as the torsion 
so bar was twisted to rotate when a voltage was applied to 
the movable electrode and the drive electrode. 

Because resin film was used for the adhesive layer, 
the first substrate and the structure layer on the second 
substrate could be bonded together at temperature as 
ss low as 1 50°C and materials having different thermal ex- 
pansion coefficients could be selected for the sub- 
strates. As described earlier, for the purpose of the in- 
vention, the resin film plays the role of an adhesive for 
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bonding the first substrate and the structure layer on the 
second substrate and, at the same time, that of a sacri- 
ficial layer tor forming a microstructure. 

By applying resin film on the first substrate, it was 
made possible to smooth out the surface of the sub- 
strate that had been undulated by the components ar- 
ranged there including the drive electrode and the mov- 
able electrode in order to produce a smooth bonding 
surface and achieve a good bonding effect for the sub- 
strates. While the adhesive layer was formed on the first 
substrate, which was then bonded with the structure lay- 
er on the second substrate in the above example, the 
adhesive layer may alternatively be arranged on the 
structure layer on the second substrate or an adhesive 
layer may be formed on both the first substrate and the 
structure layer on the second substrate to produce a 
beam. 

With the method of forming a microstructure ac- 
cording to the invention, a movable electrode is formed 
with a p + layer and then the pattern of a lever is formed 
on the back side of the structure layer as viewed from 
the movable electrode. With this arrangement, they may 
be made to show respective profiles that are not affected 
by each other. 

While an Al thin film was formed for the support 
members in the above example, it may be appreciated 
that an electrically insulated microstructure can be 
formed on the substrate by the same process if the Al 
thin film is replaced by a sacrificial layer of resin film 
formed by vacuum deposition and an insulating film 
such as silicon dioxide film formed at temperature that 
does not damage the adhesive layer Similarly, while a 
glass substrate was used for the first substrate in the 
above example, it may be replaced by a substrale of an 
insulating material such as quartz, AlgO^ MgO or Zr0 2 , 
a semiconductor such as Si, GaAs or InP or a metal, 
using the same process. 

Example 2 

Figs. 4A to 6P illustrate different steps of forming a 
microstructure in another mode of carrying out the meth- 
od according to the invention and Fig. 7 is a schematic 
perspective view of a microstructure prepared by the 
method. Fig. 8 is an exploded view of the beam section 
of the microstructure, illustrating the multilayer structure 
of the beam, which beam 2 comprises a lever 32, a mov- 
able electrode 37 and a dummy electrode 39. As seen 
from Figs. 7 and 8, the microstructure comprises a first 
substrate 30 which is an Si substrate, an insulation layer 
34 of silicon dioxide film, a drive electrode 35 formed on 
the insulation layer 34 and a pair of fixed electrodes 38, 
38* of thin film formed also on the insulation layer 34. 
The lever 32 is a cantilever of patterned silicon dioxide 
film and held at the upper surface thereof by a pair of 
support members 33, 33* of an electroconductive mate- 
rial with a void interposed therebetween. A movable 
electrode 37 and a dummy electrode 39 are arranged 



respectively on the lower surface and on the upper sur- 
face of the lever 32. The support member 33 electrically 
connects the dummy electrode 39 and the fixed elec- 
trode 38. The support member 33' electrically connects 
5 the movable electrode 37 and the fixed electrode 38 1 by 
way of a contact hole 36 formed in the lever 32 by means 
of a contact 31 . The microstructure haying a configura- 
tion as described above operates as a cantilever type 
electrostatic actuator that can be bent and deformed by 

io applying a voltage to the drive electrode 35 and the fixed 
electrode 38' connected to the movable electrode 37 
disposed on the lower surface of the lever 32 by way of 
the support member 33'. 

In the electrostatic actuator, the beam 2 is suspend- 

i& ed by the support members 33, 33' at the upper surface 
thereof with a void interposed therebetween and the 
support members 33, 33' mechanically and electrically 
connect the beam 32 onto the insulation layer 34 and 
the fixed electrodes 38, 38' to produce an air bridge 

20 structure. The beam is bent and deformed to displace 
the free end of the beam toward the substrate when a 
voltage is applied to the drive electrode 35 and the fixed 
electrode 38', 

With an electrostatic actuator having a configura- 

2£ tion as described above, the distance between the mov- 
able electrode and the drive electrode can be reduced 
by the thickness of the beam if compared with a case 
where the movable electrode is arranged on the upper 
surface because the movable electrode is disposed on 

30 the lower surface of the beam so that the voltage re- 
quired to be applied to the electrodes in order to displace 
the beam can also be reduced. Additionally, the dummy 
electrode arranged on the upper surface of the lever 32 
effectively prevents the microstructure from being bent 

35 by the internal stress found within the lever 32 and the 
thin movable electrode 37 because of the vertically sym- 
metrical arrangement of the dummy electrode and the 
movable electrode relative to the lever. In shorts, the 
dummy electrode operates to cancel any possible bent 

40 on the part of the lever. 

In an experiment, a microstructure as shown in 
Figs. 4Ato7 was prepared. Figs. 4Ato6P illustrate the 
microstructure in cross section taken along line 6P-6P 
of Fig. 7 in different manufacturing steps. 

45 in order to form a second substrate provided with a 
structure layer, an Si substrate 40 was thermally oxi- 
dized by using an oxidizing gas (a mixture gas of oxygen 
and hydrogen) to form a structure layer 43 of silicon di- 
oxide having a thickness of 1 ^im and then a sacrificial 

so layer for pattern transfer 41 of Al film was formed by 
electron beam vapor deposition, which is a technique to 
form a thin film by deposition, to a thickness of 200nm 
(Fig. 4A) before the second substrate 42 of a glass sub- 
strate (#7740 Corning: tradename) and the sacrificial 

55 layer for pattern transfer 41 were bonded together by 
anode coupling (Fig. 4B). 

The process of anode coupling will now be de- 
scribed by referring to Fig. 9. In Fig. 9, reference numer- 
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al 63 denotes a power source for applying a voltage to 
the sacrificial layer for pattern transfer (Al film) formed 
on the Si substrate 40 having a structure layer 43 of sil- 
icon dioxide film and the second substrate 42 of glass 
substrate, said power source being connected to needle 
electrodes 61 and 65 by way of lead wires 62 and 64 
respectively. Reference numeral 60 denotes a platen 
provided with a heater. The second substrate 42 was 
placed on the sacrificial layer for pattern transfer (Al film) 
41 and a voltage of 500V was applied for 20 minutes 
from the power source 63 to the second substrate and 
the sacrificial layer for pattern transfer to bind them to- 
gether, while maintaining the temperature of the platen 
. to 300°C. 

, Thereafter, the Si substrate 40 was removed by 
etching in a KOH 30wt% aqueous solution heated to 
1 00°C to produce the second substrate carrying thereon 
the structure layer 43 and the sacrificial layer for pattern 
transfer (Fig. 4C). The structure layer of silicon dioxide 
film was not etched by wet etching using the alkaline 
aqueous solution because it is resistant against alkaline 
wet etching. 

Subsequently, an electroconductive thin film 201 
was formed on the structure layer 43 for the movable 
electrode. This was done by successively forming a Cr 
film and an Au film to respective thicknesses of 5nm and 
400nm by electron beam vapor deposition, patterning a 
photoresist layer 103 in a photolithography process (Fig. 
4D) and then patterning the Cr and Au layers for the 
movable electrode respectively by means of an Au etch- 
ant, which was an aqueous solution of iodine and po- 
tassium iodide, and a Cr etchant, which was an aqueous 
solution of cerium ammonium nitrate and perchloric acid 
to make them show the profile of the movable electrode 
as shown in Fig. B, using the mask of photoresist 103. 
The photoresist 103 was then removed by means of a 
resist stripping solution. Additionally, photoresist was 
applied anew to the structure layer 43 and then pat- 
terned to the profile of a lever without a contact hole by 
photolithography and then the structure layer 43 was 
subjected to a reactive ion etching (RIE) operation to 
produce the pattern of the lever 43 without a contact hole 
>by using the mask of photoresist and CF 4 gas. The pho- 
toresist was then stripped off by means of a resist strip- 
ping solution (Fig. 4E). 

An Si substrate 30 carrying thereon an insulation 
layer 34, a drive electrode 35 and a pair of fixed elec- 
trodes 38, 38' (not shown) was used for the first sub- 
strate. The insulation layer 34 is a silicon dioxide film 
formed by thermally oxidizing part of the Si substrate 30 
to a thickness 1 pm by means of oxidizing gas. The drive 
electrode 35 and the fixed electrodes 38, 38' were pre- 
pared by forming electroconductive layers of an Cr film 
(5nm) and an Au film (lOOnm) and patterning them ap- 
propriately as in the case of preparing the movable elec- 
trode 37. Then, an adhesive layer 46 was formed on the 
first substrate by applying resin with a spinner The resin 
was a rubber type resist OMR-83 (tradename) available 



from Tokyo Ohka Co. ; Ltd. (Fig. 4F). 

After forming the adhesive layer 46, the second 
substrate of Fig. 4E and the first substrate of Fig. 4F 
were pressed against each other from the rear sides 
$ thereof and heat treated at 150°C to heat set the resin 
of the adhesive layer and rigidly bind the substrates to- 
gether as shown in Fig. 4G. The adhesive layer showed 
a thickness of 2pm after the heat setting operation. 

Thereafter, the sacrificial layer for pattern transfer 
41 was removed by an Al etchant containing phosphoric 
acid nitric acid and acetic acid and heated to 80°C to 
release the second substrate. As a result, the structure 
layer that had been patterned to show a beam-like pro- 
file and the movable electrode were transferred onto the 
adhesive layer of the first substrate. 

Subsequently, a dummy electrode 39 was prepared 
by forming a metal layer 202 of a Cr film (5nm) and an 
Au film (lOOnm), applying photoresist 104 thereto, pat- 
terning them appropriately in a photolithography proc- 
ess as in the case of preparing the drive electrode 35 
and the fixed electrodes 38, 38' (Fig. 51) and then etch- 
ing the metal layer 202, using the mask of the photore- 
sist 1 04 and Au and Cr etchant Thereafter, the structure 
layer having the pattern of a lever was used as a mask 
in an operation of patterning the resin adhesive layer to 
produce there a pattern same as that of the lever pattern 
by RIE using oxygen gas. 

Then, photoresist 105 was applied to the structure 
layer having the lever pattern and subjected to a pat- 
terning operation in a photolithography process (Fig. 
5K) and the patterned photoresist 105 was used as a 
mask to etch the structure layer by reactive ion etching 
(RIE) using CF 4 gas and produce a contact hole 36 (Fig. 
5L). Thereafter, the photoresist 105 was removed by re- 
active ion etching (RIE) using oxygen gas. Then, an Al 
film 42 was formed to a thickness of 2 m for a support 
layer on the lever 32 of silicon dioxide prepared in a 
manner as described above and the movable electrode 
37 under the contact hole 36 as well as on the dummy 
electrode 39 (Fig. 6M). Photoresist 106 was formed on 
the Al film and patterned in a photolithography process 
(Fig. 6N). Subsequently, the Al film 47 was patterned by 
means of an Al etchant containing phosphoric acid, nitric 
acid and acetic acid and heated to 50°C to produce sup- 
port members 33, 33' (Fig. 60, where the support mem- 
ber 33 is not shown). With the above arrangement, the 
support member 33' electrically connected the movable 
electrode 37 and the fixed electrode 38' (not 0own) by 
way of the contact hole, while the support member 33 
electrically connected the dummy electrode 39 and the 
fixed electrode 38 (not shown). 

Finally, the photoresist 106 and the adhesive layer 
of resin under the movable electrode were etched out 
by oxygen plasma to produce a void 49 (Fig. 6P). Thus, 
a microstructure that had a configuration as shown in 
Fig. 7 and comprised a 1 pm thick cantilever type beam 
2 of silicon dioxide film carrying electrodes on the upper 
and lower surfaces and mechanically held by an Al film 



75 



20 



2S 



30 



35 



40 



45 



50 



17 



EP0 711 029 A2 



18 



was produced with a void provided between the canti- 
lever and the substrate. With the above method, the 
beam, the support members and the electrodes were 
left intact during the etching operation using oxygen 
plasma and the problem of sticking that may arise when s 
the sacrificial layer is removed by wet etching was suc- 
cessfully avoided. 

With the above method again, a movable electrode 
could be formed on the lower surface of the beam and 
electrically connected with a fixed electrode formed on 
the first substrate via a support member. When a voltage 
of 20V was applied to the movable electrode and the 
drive electrode of the electrostatic actuator having a 1 00 
jxm bng cantilever, the free end of the beam was dis- 
placed toward the first substrate by about 0.5 ujti with 
the bending motion of the cantilever. 

The dummy electrode arranged on the upper sur- 
face of the beam effectively canceled any possible bent 
of the beam that could be produced by the internal stress 
of the movable electrode 37 under the lever 32. For the 
purpose of comparison, a cantilever type beam of silicon 
dioxide film that did not carry any movable electrode and 
dummy electrode was prepared to find out that no bend- 
ing was observable on the part of the beam. While it is 
very difficult to eliminate the intrinsic stress generated 
in a thin silicon dioxide film during the process of pre- 
paring it by vacuum deposition, a silicon dioxide film pro- 
duced by oxidizing bulk Si is amorphous and homoge- 
neous and therefore it is not bent in the form of a mon- 
olayer In this example, the Au layer was made as thick 
as 400nm, which was close to the thickness of the silicon 
dioxide film. For the purpose of comparison, an electro- 
static actuator having a beam that was not provided with 
a dummy electrode in Fig. 7 was also prepared to find 
that the free end of the beam was bent away from the 
first substrate by more than 1 um This was because the 
Au film formed by vapor deposition for the movable elec- 
trode was subjected to compression stress. When the 
beam of an electrostatic actuator according to the inven- 
tion is bent upward, the distance between the movable 
electrode and the drive electrode is enlarged so that a 
higher voltage is required do drive the beam to move by 
a distance comparable to that of displacement of the 
beam of an electrostatic actuator without such bending. 
The beam of an electrostatic actuator with a movable 
electrode made of Ag and without a dummy electrode 
prepared for comparison was bent downward to reduce 
the distance between the first substrate and the free end 
of the beam and proved to be inoperative because of 
the reduced gap between the substrate and the beam. 
Thus, any possible bending of the lever of an electro- 
static actuator according to the invention that is attribut- 
able to the fact that the lever is made as thin as the mov- 
able electrode section can be effectively canceled by ar- 
ranging a dummy electrode section on the upper surface 
of the lever to ensure vertical symmetry for the lever. 

Referring to Fig. 60 showing a dummy electrode, it 
^jcan be utilized to take out the tunnel current that may 



be generated between opposite surfaces of a specimen 
to be observed by arranging a probe of an electrocon- 
ductive material on the dummy electrode according to 
the method proposed by Spindt (C. A. Spindt, et al., 
"Physical properties of film field emission cathode with 
molybdenum cones", J. Appl. Phys., 47. 1976, pp. 
5248-5263) so that an STM probe provided with an elec- 
trostatic actuator can be prepared by removing the pho- 
toresist 106 and the adhesive layer. It is also possible 
to use the dummy electrode as a shield electrode for 
cutting off any external electric fields that can generate 
noise other than the noise produced by the electric field 
of the drive electrode by grounding the dummy elec- 
trode. While the structure layer of this example was pro- 
vided with a single dummy electrode and a single mov- 
able electrode, it may alternatively be provided with 
more than one dummy electrodes and more than one 
movable electrodes. 

If a structure layer is prepared after forming a mov- 
able electrode by means of a thin film deposition tech- 
nique, the pattern of the drive electrode is transferred to 
the structure layer also on the stepped areas of the pat- 
tern of the movable electrode. However, since the pat- 
tern of the beam is formed on the structure layer after 
forming the movable electrode to be ultimately arranged 
on the structure layer vis-a-vis the first substrate, a 
beam can be formed from a flat structure layer regard- 
less of the stepped areas of the pattern of the movable 
electrode. Additionally, since the structure layer carrying 
an electrode section is transferred onto the first sub- 
strate in a reversed manner, the electrode section can 
be formed vis-a-vis the first substrate. 

The first substrate can be provided with a very flat 
and smooth surf ace by applying resin thereto regardless 
of the undulations produced by the drive electrode and 
the fixed electrodes so that the substrates can be firmly 
bonded together as a very flat adhesive surface is pre- 
pared for them. Additionally, as photoresist is used for 
the resin layer, a microstructure can be formed without 
problem if an Si substrate 30 carrying thereon integrated 
circuits is sued for the first substrate. Since photoresist 
scarcely contains mobile ions, they hardly penetrate into 
electronic devices such as MOS transistors to interfere 
with the proper operation of such devices. While Si is 
used for the substrate, it may be replaced by a glass 
substrate or a substrate of some other material selected 
from GaAs, metals and metal film. 

In the step of bonding the structure layer and mov- 
able electrode and the first substrate with an adhesive 
layer arranged therebetween as shown in Fig. 4G, a 
voltage of 1 00 V may be applied to the Al of the sacrificial 
layer for pattern transfer 41 and the Si substrate of the 
first substrate to generate electrostatic force and the 
generated electrostatic force may be utilized to press 
the substrates against each other from the back sides 
in stead of applying physical pressure to the substrates 
from the rear side. While Al film is used for the sacrificial 
layer for pattern transfer in the above description, Ti, Ni 
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forming a structure layer on a second substrate, 
forming an electrode section of an electrocon- 
ductive material on said structure layer, 
forming an adhesive layer of resin film on a first 
s and/or said second substrate, 

joining said first substrate and the structure 
layer and electrode section with said adhesive 
layer, 

removing said second substrate/ 
10 forming a support layer for connecting said 

structure layer and electrode section to said 
first substrate and 
removing said adhesive layer. 

15 10. A method of forming a rnicrostructure according to 
claim 9, wherein said step of forming said adhesive 
layer is carried out by applying a solution of resin 
diluted by a solvent to form a thin film. 

20 11. A method of forming a rnicrostructure according to 
claim 9, wherein said resin film is made of photore- 
sist. 

12. A method of forming a rnicrostructure according to 
25 claim 11 , wherein said photoresist contains cycio- 

polymerized rubber. 

13. A method of forming a rnicrostructure according to 
claim 9, wherein a groove ia formed on said first 

30 and/or second substrates. 

14. A method of forming a rnicrostructure according to 
claim 9, wherein said joining step includes a step of 
applying pressure to said first and second sub- 

3S strates. 

15. A method of forming a rnicrostructure according to 
claim 1 4, wherein said step of applying pressure is 
carried out by applying a voltage to said first and 

40 second substrates. 

16. A method of forming a rnicrostructure according to 
claim 9, wherein said support layer is made of metal 
thin film. 

45 



or some other metal that can be bonded by anode cou- 
pling may alternatively be used in combination with an 
etchant that does not corrode the resin film and the 
structure layer to produce a similar rnicrostructure. 
Since grooves are formed on the bonding surface of the 
second substrate by the pattern of the beam shown in 
Fig. 4E, any vapor of the solvent generated when the 
resin film is heat set in the step of Fig. 4G can be made 
to escape through the grooves. If no such grooves are 
formed, bubbles of the evaporated solvent produced in 
the heat setting process can be trapped between the 
adhesive layer and the structure layer unless the con- 
centration of the solvent contained in the resin solution 
to be applied to the substrate is rigorously controlled. 
This problem is eliminated by providing grooves. 

As described earlier, the resin film operates as an 
adhesive layer for bonding the first substrate and the 
structure layer and, at the same time, takes the role of 
a sacrificial layer for forming a rnicrostructure. 



Claims 

1 . A rnicrostructure comprising a substrate, a support 
section and a beam having an electrode, wherein 
said support section suspends said beam sepa- 
rated from said substrate by an air space and is 
attached to the upper surface of said beam, and 
said electrode is a movable electrode formed on the 
lower surface of said beam. 

2. A rnicrostructure according to claim 1 , wherein said 
support section is made of metal thin film. 

3. A rnicrostructure according to claim 2, wherein said 
metal thin film is made of aluminium. 

4. A rnicrostructure according to claim 1 , wherein said 
beam is made of crystalline Si. 

5. A rnicrostructure according to claim 1 , wherein said 
beam is made of thin film of an instating material. 

6. A rnicrostructure according to claim 5, wherein said 
thin film of an insulating material is comprised of a 
silicon dioxide film formed by thermally oxidizing Si 
with oxidizing gas. 

7; A rnicrostructure according to claim 1 , wherein said 
; electrode is made of electroconductive thin film. 

8. A rnicrostructure according to claim 1, wherein 
another electrode is formed on the upper surface of 
said beam. 

9. A method of forming a rnicrostructure which com- 
prises steps of: 



17. A method of forming a rnicrostructure according to 
claim 9, wherein said step of removing said adhe- 
sive layer is carried out by dry etching usingoxygen. 

50 18. A method of forming a rnicrostructure according to 
claim 17, wherein said dry etching is plasma etch- 
ing. 

19. A method of forming a rnicrostructure according to 
55 claim 9, wherein said second substrate for forming 

a structure layer is an SOI substrate. 

20. An electrostatic actuator formed by a method 
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according to any of Claims 9 through 19 and com- 
prising a substrate, fixed and drive electrodes 
formed on said substrate and a beam having a mov- 
able electrode which beam is supported above said 
drive electrode by a support section of metal thin 5 
film through an air space interposed between said 
drive electrode and said beam, wherein said mov- 
able electrode is formed on the lower surface of the 
beam with said support section electrically con- 
nects said movable electrode and said fixed elec- 10 
trode and mechanically holds said beam at the 
upper surface of said beam such that said beam can 
be displaced by applying a voltage between said 
drive electrode and said movable electrode. 



21. An electrostatic actuator according to claim 20, 
wherein said beam has another electrode on said 
upper surface. 
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